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Claims 

[d] WHAT IS CLAIMED IS: 

1. Apulse frequency modulated (PFM) voltage regulator 
for converting a DC voltage source to an output volt- 
age, comprising: 

a PFM switching controller for generating a PFM switch- 
ing signal for converting the DC voltage source to the 
output voltage; 

a feedback circuit for generating a feedback signal in re- 
sponse to the output voltage; 

a minimum OFF-time controller for providing the PFM 
switching signal with a predetermined minimum OFF- 
time; and 

an OFF-time prolonging circuit for prolonging the pre- 
determined minimum OFF-time in response to the feed- 
back signal when the output voltage is lower than a pre- 
determined target voltage, whereby: 
reducing a ripple of the output voltage. 

[c2] 2. The PFM voltage regulator according to claim 1, 
wherein: 

the predetermined minimum OFF-time of the PFM 
switching signal is prolonged in accordance with an ab- 



solute difference between the output voltage and the 
predetermined target voltage. 

[c3] 3. The PFM voltage regulator according to claim 2, 
wherein: 

the predetermined minimum OFF-time of the PFM 
switching signal is prolonged along with an increase of 
the absolute difference between the output voltage and 
the predetermined target voltage. 

[c4] 4. The PFM voltage regulator according to claim 1, 
wherein: 

the predetermined target voltage is a DC component of 
the output voltage. 

[c5] 5. The PFM voltage regulator according to claim 1, 
wherein: 

the PFM voltage regulator is operated in a heavy loading 
condition. 

[c6] 6. The PFM voltage regulator according to claim 1, fur- 
ther comprising: 

a power switch transistor controlled by the PFM switch- 
ing signal such that the power switch transistor is turned 
on during an ON-time of the PFM switching signal and is 
turned off during an OFF-time of the PFM switching sig- 
nal, in which the ON-time is shorter than or equal to a 



predetermined constant ON-time and the OFF-time is 
longer than or equal to the predetermined minimum 
OFF-time. 

[c7] 7.The PFM voltage regulator according to claim 1, 
wherein: 

the minimum OFF-time controller includes: 
a capacitor, and 

a minimum OFF-time setting current source for charging 
the capacitor such that the predetermined minimum 
OFF-time is determined by a charging period necessary 
for raising a potential difference across the capacitor 
from zero to a predetermined reference voltage, and 
the OFF-time prolonging circuit prevents at least one 
part of the minimum OFF-time setting current source 
from charging the capacitor in response to the feedback 
signal when the output voltage is lower than the prede- 
termined target voltage, thereby prolonging the prede- 
termined minimum OFF-time. 

[c8] 8.The PFM voltage regulator according to claim 7, 
wherein: 

the OFF-time prolonging circuit includes: 
a prolonging reference voltage set lower than a target 
feedback signal, the target feedback signal being gener- 
ated by the feedback circuit in response to the predeter- 
mined target voltage, and 



a differential current pair for determining a sinking cur- 
rent in accordance with an absolute difference between 
the feedback signal and the prolonging reference voltage 
such that the sinking current is used for prolonging the 
predetermined minimum OFF-time when the feedback 
signal is lower than the prolonging reference voltage. 

[c9] 9.The PFM voltage regulator according to claim 8, 
wherein: 

the lower the feedback signal is than the prolonging ref- 
erence voltage, the larger the sinking current is. 

[dO] 10. A pulse frequency modulated (PFM) voltage regula- 
tor, comprising: 

an inductive means coupled to a DC voltage source; 
a capacitive means having a terminal coupled to the in- 
ductive means and providing an output voltage; 
a PFM switching controller for generating a PFM switch- 
ing signal for converting the DC voltage source to the 
output voltage; 

a feedback circuit for generating a feedback signal in re- 
sponse to the output voltage; 

a minimum time controller coupled to the PFM switching 
controller, for controlling a minimum time of each period 
of the PFM switching signal spent on delivering energy 
from the inductive means to the capacitive means; and 
an time prolonging circuit for prolonging the minimum 



time spent on delivering energy from the inductive 
means to the capacitive means in response to the feed- 
back signal when the output voltage is lower than a pre- 
determined target voltage. 

[c11] ll.The PFM voltage regulator according to claim 10, 
wherein: 

a ripple of the output voltage is reduced by using the 
time prolonging circuit. 

[d2] l2.The PFM voltage regulator according to claim 10, 
wherein: 

the minimum time spent on delivering energy from the 
inductive means to the capacitive means is prolonged in 
accordance with an absolute difference between the out- 
put voltage and the predetermined target voltage. 

[d3] l3.The PFM voltage regulator according to claim 12, 
wherein: 

the minimum time spent on delivering energy from the 
inductive means to the capacitive means is prolonged 
along with an increase of the absolute difference be- 
tween the output voltage and the predetermined target 
voltage. 

[d4] l4.The PFM voltage regulator according to claim 10, 
wherein: 



the PFM voltage regulator is operated in a heavy loading 
condition, and 

the predetermined target voltage is a DC component of 
the output voltage. 

[d5] l5.The PFM voltage regulator according to claim 10, 
wherein: 

the minimum time controller includes: 
a setting capacitor; and 

a setting current source for charging the setting capaci- 
tor such that the minimum time spent on delivering en- 
ergy from the inductive means to the capacitive means is 
determined by a charging period necessary for raising a 
potential difference across the capacitor from zero to a 
predetermined reference voltage, and 
the time prolonging circuit prevents at least one part of 
the setting current source from charging the capacitor in 
response to the feedback signal when the output voltage 
is lower than the predetermined target voltage, thereby 
prolonging the minimum time spent on delivering energy 
from the inductive means to the capacitive means. 

[d6] 16. The PFM voltage regulator according to claim 15, 
wherein: 

the time prolonging circuit includes: 

a prolonging reference voltage set lower than a target 

feedback signal, the target feedback signal being gener- 



ated by the feedback circuit in response to the predeter- 
mined target voltage, and 

a differential current pair for determining a sinking cur- 
rent in accordance with an absolute difference between 
the feedback signal and the prolonging reference voltage 
such that the sinking current is used for prolonging the 
minimum time spent on delivering energy from the in- 
ductive means to the capacitive means when the feed- 
back signal is lower than the prolonging reference volt- 
age. 

[d7] 17. An OFF-time prolonging circuit for a pulse frequency 
modulated (PFM) voltage regulator, the PFM voltage reg- 
ulator converting a DC voltage source to an output volt- 
age by using a PFM switching signal having a predeter- 
mined minimum OFF-time, the output voltage having a 
DC component equal to a predetermined target voltage, 
the OFF-time prolonging circuit comprising: 
a feedback signal indicative of the output voltage, in 
which the feedback signal is referred to as a target feed- 
back signal when the output voltage is equal to the pre- 
determined target voltage; 

a first reference voltage set lower than the target feed- 
back signal; and 

a first differential current pair for determining a first 
sinking current in accordance with an absolute difference 



between the feedback signal and the first reference volt- 
age such that the first sinking current is used for pro- 
longing the predetermined minimum OFF-time when the 
feedback signal is lower than the first reference voltage. 

[d8] l8.The OFF-time prolonging circuit according to claim 
17, wherein: 

the lower the feedback signal is than the first reference 
voltage, the larger the first sinking current is. 

[d9] l9.The OFF-time prolonging circuit according to claim 
17, further comprising: 

a second reference voltage set lower than the first refer- 
ence voltage, and 

a second differential current pair for determining a sec- 
ond sinking current in accordance with an absolute dif- 
ference between the feedback signal and the second ref- 
erence voltage such that the first and second sinking 
currents are used for prolonging the predetermined min- 
imum OFF-time when the feedback signal is lower than 
the second reference voltage. 

[c20] 20. The OFF-time prolonging circuit according to claim 
17, wherein: 

the predetermined minimum OFF-time is set as a period 
necessary for raising a potential difference across a ca- 
pacitor from zero to a predetermined voltage by using a 



charging current, and 

the first sinking current is used for reducing the charg- 
ing current. 



